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NOMENCLATURE 
Symbol 
A Cross-sectIOn rea 
D l , Dz Internal and External DIameters of the SectIOn Undergomg Crush 
DJ Imtlal DIameter of the cone 
E Young's rv1cdulus 
Ef Young's Modulus of fiber 
Em Young's Modulus of Matnx 
Es SpecIfic Energy AbsorptIOn 
E l  or E l l  Longitudmal Young's Modulus ( dlrectlOn- l )  
Ez or EZ2 Transverse Young's Modulus ( dlrectlOn-2) 
Units 
mm 
mm 
r.NI z Ul , m  
ON/m? 
KJ/Kg 
E1 or EB Transverse Young's Modulus m the DlfectlOn of Lammate ThIckness 
( directlOn-3) ON/m2 
R Transverse Young's Modulus at 45° to the DlrectlOn -1 
FEM FInIte Element Method 
G12 In-plane Shear Modulus (m the 1-2 Planes) 
On Transverse Shear Modulus (m the 1 -3 Planes) 
023 Transverse Shear Modulus (m the 2-3 Planes) 
he Crush DIstance mm 
K Collapse AbIhty of the tube 
L Length mm 
M, m mass kg 
Ma :  Apparent weIght gam kg 
M g :  Net weIght gam kg 
XXI 
M L :  Weight loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . kg 
N: Rotational Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r.p.m 
P: Applied load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . .  ' "  . . . . . . . . . . . . . " . . .  . . . . . . . kN 
P : Mean Crush Load . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . .  . . . . . . . . . . . . .  . . .  . .  . . . .  . . .  . . .  . . . . . .  . . . .  kN 
PEEK: Polyether ether keton . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . .  ' " . . . . . . . . .  _ 
Qij: Stiffnt=ss Matrix (i, j = 1 , 2, . . . .  6) .. . . . . . . . . . . . . . .. . . . . .. . . . . . .. . .. . ... . . . . . . . . ...... . 
r: Radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mm 
Sj: Initial Crush Distance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . mm 
Sjf Compliance matrix, (I, j= 1 ,2, . . . . 6) . . . . . .  ' "  . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . . .  . 
S, Sr Sb: Displacements at Arbitrary, Folded Zone, and at Fully Folded Tubes 
Respectively . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' "  . . .  . . .  . . .  mm 
t: Wall Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . .  mm 
V: Carriage Speed . . .  . . .  . . .  . . .  . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  mls 
Vr: Fiber Volume Fraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Vm: Matrix Volume Fraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wo: Weight of the dried specimen before immersion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gm 
Ww: Weight of the wet specimen after immersion . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  t,>111 
W d: Weight of the dried specimen after immersion. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . .  gm 
[; :  Strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
8: Fiber orientation angle Relative to a Global Laminate Axis . . . .  . . .  . . .  . . .  . . .  . . .  Degree 
a: Cone Semi vertex Angle . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  . . .  . .  . . . .  . . .  . . .  Degree 
cr: Crush Stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' " . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . . .  . . . . . . . .  N/m2 
(]' :  Mean Crush Stress . . .  . . .  . . . . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . N/m2 
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cr t ,  cr2, cr3 Normal Stress Componems 10 rhe Duecuon of 1 ,  2 and 3 
(l' L  ('1'5, 0'6 �hear Stre<;s Component<; I n  the Plane of 2-3 1 -3 and 1 -2 
C I ,  C2, C3 Normal Stram Components 10 the DirectIOn of 1 ,  2 and 3 
C4, C5, C6 Shear Stram Components 10 the Plane of 2-3, 1 -3 and 1 -2 
o DensIty of the Composite matenai 
L .  Ie Specific Crush Stress 
v POisson's RatIo 
VIJ POisson's RatIO for Transverse Stram 10 the J DIrectIOn When Stressed 
10 the I DIrectIOn 
V I 2  Major POisson's Ratio 
V \ 3  Transverse POisson's Ratio 
V23 Transverse POisson's RatIO 10 the 2-3 Plane 
Vr POisson's RatIO of Fiber 
Vm POIsson's RatIO of Matnx 
XX11l 
2 Nhn 
N mlkg 
Abstract of thesIs presented to the Senate of Umversltl Putra Malaysia m 
fulfillment of the reqwrements for the degree of Doctor of PhIlosophy 
AN INVESTIGATION OF COTTON/ EPOXY AND GLASS/ EPOXY 
COMPOSITE CONES SUBJECTED TO AXIAL COMPRESSIVE LOAD 
By 
ASAD ABDULLAH KHALID 
April 1999 
Chairman: Associate Professor Ir. Dr. Barkawi Bin Sahari, 
B.Se. (Hons), Ph.D. l\'IIEM, P. Eng. 
Faculty E ngineering 
An e\.penmental and fimte element inVestIgatIOn of cotton fiber/ epoxy and glass 
fiber/ epoxy composIte cones and cylmders were carned out under aXIal compressIve 
loadmg A fi lament wmdmg eqUIpment have been desIgned and fabncated to produce the 
dIfferent cones and cylmders requIred for thIS project Throughout thIS mvestIgatIOn, 
cones of 5°, 10° and 20° angles, for two fiber onentatIOn angles of 90° and 80° were 
studIed The effect of quasI-statIc aXIal compressIve load and specIfic energy absorptIOn 
for smgle cyl mder and cone were studIed BesIdes that, the effect of arrangement ty pe for 
two cones on the standmg load and energy absorptIOn were also examined 
The effect of mOisture absorptIOn on the load capabIl Ity and on the energy 
absorptIOn of the composIte cones have been carned out under aXIal loading ThIS was 
earned out for cones of 5" angle and 90° fiber onentatIOn angle Cones tested were 
precondItIOned b� total ImmerSIon In to a dIstIl led hot water at 3 S  \)C, SO°C, 65°C and 
80°C for dIfferent pen ods ranging from 24 hour to saturatIOn tIme 
Mechanicai properties of the composite materiai were evaiuated experimentally by 
the testmll of tensI le  sneci mens for c01llno"it�s tIber and matrix.  Another set of _ J. 1 )  
specimens were also tested for the moisture content effect. 
Rc:;a!t:; fwrr:. thi; ;tudy shv\.\ �hat cylinder:; lii1def a.xial (:0mpH:;��iul I ie�t::, indicaie 
better stable crushmg behavIOr than cones. For al l  cases. Illass/enoxv cones or cvl inners. '-- � ....... . "" .) 
show higher absorption energy than cotton/epoxy typc by 5% to 1 2 . 5% for the different 
cases. 
It was found that a significant improvement in the crushing load and energy 
absorption occurs when using single cones of fiber orientation angle of 80° instead of 90° 
and the difference was very si gnific ant when using cones angles of 20° instead of 5°. 
Cones arranged in  ordi nary parallel stands higher l oad of 27.7�/o and higher specific 
energy absorption of 28 .3% than s imi lar cones arranged in series for glass/epoxy type. 
These percentages were 29 . 7%and 29 .4% respectively for cotton/epoxy cones. 
Comparison for load-displacement relations. were done between cones with and 
without moisture preconditioning. It was found that the crushing energy absorption 
decreases with increase in moist ure content 
Finite element study has also been carried out for similar cones. Surface and side 
nodes displacements were obtained for cotton and glass/epoxy cones under axial 
compression loading. The slope o f  the elastic region for the different cones studied was 
compared with the experimental results and found in the range between 1.73% to 14.44%. 
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Fakulti Keju ruteraan 
Satu eksperimen dan pengkajian unsur terhingga komposit kon dan si l inder bagi 
gentian kapas/ epoksi dan gentian kacal epoksi adalah dijalankan dengan bebanan tekanan 
sepaksi . Peralatan be1itan filamen direkabentuk dan dipasang untuk menghasilkan kon dan 
silinder yang berbeza yang diperlukan untuk projek ini .  Melalui pengkaj ian ini, kon 
bersudut 5°, 1 0° dan 20°, untuk dua orientasi gantian bersudut 90° dan 80" telah di kaj i .  
Kesan beban tekanan kuasi-statik sepaksi dan penyerapan tenaga spesifik untuk sllinder 
tunggal dan kon telah dikaj i .  Selain itu, kesan dari jenis penyesuaian untuk dua kon semasa 
beban berdiri dan penyerapan tenaga turut diperiksa. 
Kesan penyerapan kelembapan ke atas keupayaan bebanan dan penyerapan tenaga 
bagi kon komposit telah dijalankan di bawah beban sepaksi .  Ianya dijalankan bagi kon 
bersudut 5° dan orientasi gentian bersudut 90°. Kon-kon yang diuji telah dirawat dengan 
merendam keseluruhannya ke dalam air panas pada suhu 3 5°, 50°, 65° dan 80° untuk j arak 
masa yang berbeza dari 24 jam .  
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Sifa[-sifai mekanikal umuk bahan komposii ie1ah dinilai secara eksperimen dengan 
uJ Ian tegangan speSlmen untuk KompOSlt. gentian dan matnks. Satu set cksperimen yang 
lain turnt diuj i  untuk kesan kandungan kelembapan. 
mampatan sepaksi menunlukkan tmgkah-Iaku perlan ggaran stabt l yang lebih balk daripada 
kon. Untuk kesemua kes, kon kaca! epoksi atau si linder menunjukkan penyerapan tenaga 
yang lebih tinggi berbanding untuk kes yang berbeza. 
Diperolehi bahawa peningkatan yang nyata di dalam beban perlanggaran dan 
penyerapan tenaga muncul ketika menggunakan gentian kon tunggal berorientasikan sudut 
80° dibandingkan dengan 90° dan perbezaan memang jelas nyata ketika menggunakan kon 
bersudut 20° berbanding 5° .  Kon-kon yang disusun seCal·a selari menahan beban yang lebih 
tinggi sebanyak 27.7% dan penyerapan tenaga spesifi k  yang lebih tinggi sebanyak 28.3% 
daripada kon-kon yang serupa dan disusun secara bersi ri bagi jenis  kuca epoksi .  Peratusan 
bagi kon benang kapas/ epoksi adalah 29.7% dan 29.4 % masing-masing. 
Perbandingan untuk perhubungan beban-peral i han. tcl ah dil akukan diantara kon-
kon dengan dan tanpa lembapan. Telah diperolehi baha\va pcny crapan tenaga perlanggaran 
berkurang dengan penambahan kandungan lembapan. 
Kaj ian unsur terhingga j uga dilakukan untuk kon-kon yang sarna. Permukaan dan 
peralihan titik tepi telah diperolehi untuk benang kapas dan kon kacaJ epoksi di bawah 
beban mampatan sepaksi .  Kecuraman kawasan elastik bagi kon berbeza yang dikaj i  telah 
dibandingkan dengan keputusan eksperimen dan diperolehi dalam nilai antara 1 . 73% ke 
14.44%. 
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